IMPORTANCE Comparative real-world effectiveness studies of initial disease-modifying treatment (DMT) choices for relapsing-remitting multiple sclerosis (RRMS) that include rituximab are lacking.
M ultiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system that often results in significant neurological disability over time. 1 The MS treatment landscape has changed considerably during the last few years with the addition of several new diseasemodifying treatments (DMTs). This provides better opportunities for personalized treatment, but detailed knowledge about how to tailor therapy in practice is still largely lacking. 2 It is difficult to accurately extrapolate drug survival and reasons to switch therapy based on data from randomized clinical trials, with selected patient populations running for limited periods of time. However, data from real-world populations indicate poor drug survival (ie, proportion of patients remaining on drug) for traditional first-line options (eg, interferon beta and glatiramer acetate-referred to as injectable DMTs combined), with less than half of patients remaining on therapy after 2 years.
3,4 Similar studies have been performed for highly effective therapies, arguably comprising fingolimod, natalizumab, and alemtuzumab. 5, 6 In contrast, studies on newer oral DMTs (ie, dimethyl fumarate [DMF] and teriflunomide) are still rare. Anti-CD20 B-cell depleting agents are likely to become an additional treatment option for relapsing-remitting MS (RRMS) and also primary progressive MS. [7] [8] [9] The anti-CD20 class comprises rituximab (RTX) (immunoglobulin G1, mouse chimeric), ocrelizumab (immunoglobulin G1, humanized), and ofatumumab (immunoglobulin G1, fully human). Off-label use of RTX in patients with MS has increased considerably in Sweden but with large regional differences. 10 We used these differences to compare outcomes for patients with RRMS receiving their first DMT in a region using a traditional escalating strategy (ie, Stockholm) with a region using a sustained induction strategy, initiating and maintaining treatment with highly efficient therapies (ie, Västerbotten, where RTX was predominately used). Furthermore, we compared outcomes for RTX with all other frequent DMTs in in the combined cohort.
Methods

Study Population
The source population comprised all individuals in Stockholm and Västerbotten Counties, respectively, who received a diagnosis of RRMS from January 1, 2012 , to October 31, 2015 , starting their first DMT (ie, first-line treatment). Patients were identified through a national web-based MS registry (http: //www.neuroreg.se) from which data were collected along with social security numbers used to access corresponding local medical records. Exclusion criteria were (1) patients who received a diagnosis and/or treatment initiation outside of Stockholm or Västerbotten Counties, (2) participation in randomized clinical trials with unknown treatment allocation, (3) lack of follow-up data, and (4) migration to another county or country. Patients who had a diagnosis of radiologically isolated syndrome or clinically isolated syndrome were included if their symptoms instead fulfilled the diagnostic criteria of RRMS within the follow-up period and otherwise fulfilled inclusion and exclusion criteria. Patients were censored at treatment discontinuation regarding drug survival. For secondary outcomes, for natalizumab, fingolimod, and RTX, the follow-up was extended 1, 3, and 6 months, respectively, or until the end of the observation period, corresponding with the estimated duration of treatment effect. Cases of conversion to secondary progressive MS during the observation period were censored at the date of conversion to secondary progressive MS. Patients with treatment interruption due to planned pregnancy were censored according to DMT, as described above.
The study was a part of the Stockholm Prospective Assessment of MS project, approved by the regional ethical committee of Stockholm (2009 Stockholm ( /2107 and Umeå (2013/445-31) . Patients provided oral consent.
Data Collection and Outcomes
Data collected from the MS registry with manual crossreferring and additional data retrieval from medical records comprised age, sex, hospital, DMT, relapses, presence of gadolinium-enhancing (Gd+) lesions based on original magnetic resonance imaging (MRI) reports, discontinuation date and stated cause, Expanded Disability Status Scale (EDSS) score, and adverse events. Magnetic resonance imaging scans were performed according to standard follow-up guidelines and MRI protocols, using 1.5-T or 3-T MRI scanners (GE Healthcare, Siemens Healthcare, and Philips Medical Systems). Relapses and Gd+ lesions were included if occurring at least 3 months after the first DMT dose. Suspected/registered relapses were adjudicated based on clinical record data by an evaluator (F.P.) who was blinded to treatment allocation and patient identity.
Key Points
Question How does traditional initial disease-modifying treatment choices compare with rituximab in relapsing-remitting multiple sclerosis regarding drug discontinuation and clinical efficacy?
Findings In this cohort study that included a population-based sample of 494 patients from 2 Swedish counties, both drug survival and rate of sufficient treatment effect were significantly higher for rituximab compared with injectable disease-modifying treatments (interferons, glatiramer acetate), dimethyl fumarate, and, in most comparisons, fingolimod and natalizumab.
Meaning Rituximab can be considered an option for treatment-naive patients with relapsing-remitting multiple sclerosis.
Information on adverse events were collected through medical record review of the respective hospital electronic medical records system, which does not contain data from family practitioners. Furthermore, uncomplicated upper respiratory tract and lower urinary tract infections were not included. Adverse events were graded according to the National Cancer Institute's Common Terminology Criteria for Adverse Events.
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The primary outcome was discontinuation of therapy due to any reason, including conversion to secondary progressive MS and pregnancy. Secondary outcomes were relapses and Gd+ lesions on MRI scans, adverse events, and stated cause of therapy discontinuation. All outcomes were specified before data analysis.
Statistical Analyses
Statistical analyses and data processing were performed in R, version 3.4.0 (R Foundation) with the survival (version 2.41-3), cmprsk (version 2.2-7), and ggplot2 (version 2.2.1) packages. Significance was set at a P value of less than .05. Baseline characteristics were compared using Wilcoxon rank sum test for the continuous variables age, MS duration since debut and diagnosis, and follow-up time. Fisher exact test was used for the categorical variables sex, EDSS score, relapse during the year before treatment, and region. Kaplan-Meier curves and Cox proportional hazards models were used to visualize and compare drug survival and relapse rates using time from first day of drug administration to outcome of interest used as timescale. The relative odds of experiencing Gd+ lesions were assessed in logistic regression models. The potential confounding variables age, sex, baseline EDSS score (as a seconddegree polynomial), MS duration after debut and diagnosis, relapse in the year before treatment initiation, region, and follow-up time (odds ratio [OR] only) were examined through sequential regression models. Cumulative incidences were estimated to compare reasons for therapy discontinuation over time between drug categories and counties. Propensity scores were estimated for each treatment group in comparison with RTX and were separately adjusted for as stratified quintiles in the regression models. The same covariates as stated above were used, omitting follow-up time. Cases with incomplete sets of covariates were discarded from analysis.
Results
Study Population
The final study cohort comprised 494 patients after exclusion of 99 patients not fulfilling inclusion criteria (Figure 1) . The median (interquartile) age of included patients were 34.4 (27.4-43.4) years, and 158 (32.0%) were men. The annual incidence of RRMS was slightly higher in Västerbotten (eTable 1 in the Supplement).
Baseline characteristics for all DMT groups are given in eTable 2 in the Supplement. Compared with injectable DMTs, RTX-treated patients had slightly higher baseline EDSS scores. In comparison with DMF and fingolimod, patients receiving RTXs were older but did not differ in EDSS scores. Compared with RTX-treated patients, natalizumab-treated patients were younger and had a shorter MS duration since debut, and a higher frequency had a relapse the year before treatment.
Patients in Stockholm compared with Västerbotten County were slightly older and had a longer delay in treatment initiation after MS onset (eTable 3 in the Supplement).
The median number of annual valid MRI scans per patient was lower in the RTX group compared with DMF and natalizumab but not injectable DMTs and fingolimod. The frequency of scanning did not differ between regions.
Disease-modifying treatment had in all but a few cases been administered according to clinical routine. Rituximab offlabel had in all but a few cases (4 of 120 [3.3%]) been administered as a single intravenous infusion of 500 mg or 1000 mg every 6 months; however, in some cases, the first infusion had been repeated after 2 weeks.
Drug Discontinuation
The proportion of patients remaining on therapy was significantly higher for RTX compared with injectable DMTs, DMF, fingolimod, and natalizumab ( Figure 2 and Table 1 ). Cox proportional hazards model for drug discontinuation during the entire follow-up period yielded a higher hazard rate for drug discontinuation for all drug categories in comparison with RTX (Table 1) , and it was significant for all groups after adjusting for covariates and propensity scores separately. The causes of therapy discontinuation differed between treatment groups. Notably, the most common cause of therapy discontinuation among RTX-treated patients was pregnancy (4 of 120 [3.3%]), and 1 of 120 (0.8%) discontinued treatment because of disease breakthrough (eTable 4 in the Supplement). Among patients treated with injectable DMTs, DMF, and fingolimod, disease breakthrough and adverse events were the most common (82 of 
Relapses
Relapse rates were significantly lower in RTX-treated patients compared with injectable DMTs and natalizumab in the Cox proportional hazards model (95% CI, 1.6-11.2; P < .01 and 95% CI, 1.2-22.2; P < .05, respectively) ( Table 1 ). However, when adjusting for propensity score, the difference between RTX and natalizumab was no longer significant (95% CI, 1.0-17.2; P = .05) ( Table 1 ). Comparing RTX with DMF and fingolimod did not result in significant differences after adjusting for confounders (95% CI, 1.0-11.8; P = .06 and 95% CI, 0.6-24.2; P = .15, respectively) (eTable 5 in the Supplement).
Contrast Enhancing MRI Lesions
Compared with RTX, the odd ratio for Gd+ lesions was higher with injectable DMTs and DMF (95% CI, 2.0-87.0; P = .02 and 95% CI, 1.5-168.2; P = .05, respectively) but not with fingolimod and natalizumab (95% CI, 0.1-116.3; P = .57 and 95% CI, 0.1-94.7; P = .12, respectively) ( Table 1 ). The statistical significance for all comparisons remained unchanged after adjusting only for propensity scores (injectable DMTs: 95% CI, 2.3-73.0; P < .01; DMF: 95% CI, 1.7-72.1; P = .05; fingolimod: 95% CI, 0.1-85.0; P = .46; natalizumab: 95% CI, 0.9-109.1; P = .07, respectively).
Adverse Events
Milder adverse events (Common Terminology Criteria for Adverse Events grade 1 and 2) were more frequent with injectable DMTs compared with RTX, whereas moderate to severe adverse events were similarly low (eTable 6 in the Supplement). Likewise, grade 1 treatment-associated adverse events were more common with DMF, with no observed difference for severe grades (eTable 6 in the Supplement). Adverse events did not differ significantly between RTX, fingolimod, and natalizumab (eTable 2 in the Supplement). However, 1 patient treated with natalizumab developed a grade 4 sepsis (gramnegative Fusobacteriae in blood cultures) but made a full recovery after treatment with intravenous antibiotics.
Comparison Between Regions
The conspicuous difference in treatment strategy between the 2 regions provided a possibility to study outcomes irrespective of DMT choice. Patients in Västerbotten were younger and had a higher EDSS score than those in Stockholm, suggesting a more active disease course, and received treatment earlier from suspected onset of MS (eTable 3 in the Supplement). These differences were controlled for in subsequent analyses.
Overall drug survival was higher in Västerbotten compared with Stockholm (95% CI, 2.6-10.9; P < .001) ( Figure 3 and Table 2 ). Relapses were less frequent in Västerbotten, with no recorded relapses over the first year and 3 during the second year (7.7%; 1 patient treated with RTX) compared with 51 (13.9%) and 55 (25.5%), respectively, in Stockholm (95% CI, 2.3-123.1; P < .01) ( Table 2 ). In contrast, there was no significant difference between counties regarding Gd+ lesions (95% CI, 0.8-10.5; P = .19) ( Table 2 ). There were 120 (2) 215 (0) 86 (0) 17 (0) 50 (1) 91 (5) 131 (78) 54 (19) 8 (7) 35 (12) 44 (5) 62 (138) 1 (32) 4 (7) 17 (20) 16 (7) 23 (167) fewer adverse events of all grades in Västerbotten compared with Stockholm (eTable 6 in the Supplement).
Outcomes for all treatment groups with patients only from Stockholm County were similar to those of Västerbotten and Stockholm Counties combined (eTable 7 in the Supplement).
Discussion
We compared outcomes for patients with newly diagnosed RRMS receiving their first DMT in 2 population-based samples and found that RTX was associated with superior drug survival compared with all more frequently used MS-approved DMT included in the analysis. Patients treated with RTX also had lower rate of clinical relapses and/or neuroradiologic disease activity and occurrence of adverse events compared with patients treated with injectable DMTs and DMF. Compared with fingolimod and natalizumab, relapse rates and Gd+ lesions were numerically lower but did not reach statistical significance in all analyses.
The retrospective observational design of the study is inherently sensitive to confounding by indication (ie, all factors affecting choice of therapy cannot be accounted for). On the other hand, observational studies can provide important information on comparative drug performance in a real-world context in which randomized clinical trials are lacking. [13] [14] [15] Although our main analysis is likely to at least partly have residual confounding by indication, we also took advantage of the major differences in DMT strategies between the 2 studied regions. In Stockholm, a traditional treatment algorithm was used, while in Västerbotten, almost 95% of patients were initiated on highly effective DMTs. Notably, there is no difference in reimbursement policy across Sweden because all DMTs are covered by the national health insurance, including off-label medications. Our results demonstrate that a traditional treatment approach, including novel oral treatment options, is associated with a relatively poor medium term performance. In most cases, the reason to switch was breakthrough disease activity manifested as clinical relapses and/or active inflammation on MRI, with the second most common reason being side effects. John Cunningham virus serology results was the most frequent cause to interrupt natalizumab treatment. Our findings regarding drug survival of traditional initial treatment choices are in line with previous data obtained in other real-world populations demonstrating that up to two thirds of patients terminate their first-line DMT within 2 years.
3,4 The introduction of novel oral DMT has fueled hopes of better outcomes in this regard. In Stockholm, a drastic shift from injectable DMTs to DMF occurred in May 2014 when DMF became reimbursed in Sweden. Baseline characteristics for patients treated with injectable DMTs and DMF were also similar, except for a younger age in the DMF group. Drug survival of DMF was statistically better than injectable therapies, but differences in real terms were moderate (a 1-year drug survival of 63.9% and 79.4% for injectable DMTs and DMF, respectively). In both cases, lack of effect was the main reason for switching therapy, with nonserious adverse events being the second most common, reflecting their inferior effectiveness and tolerability compared with highly effective DMT. Patients starting RTX were older and had a longer delay between diagnosis and start of therapy than those starting natalizumab. However, after correcting for baseline differences, RTX still displayed a more favorable outcome regarding drug survival rates compared with natalizumab. Rituximab also displayed a significantly lower frequency of relapses compared with natalizumab in the regression model (95% CI, 1.2-22.2; P = .03) but lost significance when adjusted for propensity score (95% CI, 1.0-17.2; P = .05). Rituximab displayed a higher rate of drug survival compared with fingolimod, but the power to detect differences in other outcome measures was low because of the small number of patients in the fingolimod group. However, we have previously shown a lower risk of rebound disease activity in patients switching from natalizumab to RTX owing to John Cunningham virus test results, compared with those switching to fingolimod.
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The argument for starting with less effective DMT concerns mainly 2 aspects: safety and price. Indeed, newer and more effective DMTs have been associated with risks of serious adverse events, such as progressive multifocal leukoencephalopathy, and usually command a substantially higher price than platform therapies. Documentation of the safety profile of natalizumab and fingolimod in patients with MS is more 52 (1) 442 (2) 42 (7) 279 (116) 31 (10) 99 (194) 14 (10) 34 ( Abbreviations: AE, adverse event; Gd+, gadolinium enhancing magnetic resonance imaging scan; NA, not applicable; HR, hazard ratio; NA, not applicable; OR, odds ratio.
a A magnetic resonance imaging scan done at least 3 months after treatment start and before treatment ended. extensive than for RTX, including long-term extensions of large clinical trials and observational postmarketing studies. [16] [17] [18] Although there is extensive experience of long-term use of RTX in patients with rheumatoid arthritis with a good tolerability profile and a low risk of malignancies and progressive multifocal leukoencephalopathy, [19] [20] [21] [22] extrapolation to MS should be done with caution owing to differences in patient populations and dose and administration regimens. Hence, it is undisputed that the safety record of first-line injectable DMTs in use since more than 2 decades is superior to that of newer DMT, which is of high relevance in particular for the risk-benefit assessment of long-term treatment in patients with mild to moderate disease. Regarding price, RTX used at a single dose of 500 mg or 1000 mg twice yearly results in a lower cost than even platform therapies. 10 The status of being an off-label drug, and therefore subject to variable insurance regulations in countries other than Sweden, remains as a barrier for the use of RTX in patients with MS.
Limitations
Limitations of the present study include its nonrandomized design and smaller group sizes for some of the treatment groups. The initial therapy choice, as well as the threshold for therapy switching, also depends on physicians' opinions. We cannot exclude the existence of additional factors influencing therapy choice between the 2 studied regions. Regarding switching for efficacy reasons, our data support that such switches have been prompted by objective evidence of relapses and/or signs of breakthrough inflammation on MRI. However, switching owing to safety or tolerability issues cannot be demonstrated in objective terms, and there may also be geographical imbalances in the recording of adverse events given the lack of formal study visits and prospective adverse event logging, likely mostly having an effect on milder adverse events. Furthermore, it would have been preferable with more detailed data on the history of other diseases and other patient characteristics that may influence the choice of using RTX rather than a conventional therapy, including patients' treatment satisfaction. 23 Guidelines for follow-up differ to some degree between different DMTs. Thus, until 2014, 2 yearly visits were recommended for RTX, natalizumab, and fingolimod, while 1 visit per year was recommended for injectable DMTs, which may have affected the sensitivity to detect adverse outcomes in the latter group. We note that this would rather have led to a bias against highly effective therapies, including RTX. Since 2015, guidelines regarding follow-up have been identical across all therapies. Expanding Disability Status Scale ratings were included in the analysis, but ratings are likely to be less reliable when performed in clinical routine, and not all raters had formal EDSS rating qualifications. The relatively limited follow-up time diminished the possibility to analyze long-term disability outcomes, and the lack of volumetric MRI data prevented the detection of differences in atrophy rate, an objective parameter associated with long-term prognosis.
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Conclusions
This observational study of patients with newly diagnosed RRMS who are new to treatment demonstrates that patients receiving RTX displayed a significantly better drug survival compared with all DMT included in the analysis and a lower risk of switching because of disease breakthrough compared with platform DMT. Furthermore, DMF was found to be only moderately better than injectable therapies. Further studies are needed to shed light on long-term comparative safety and effectiveness outcomes of the studied DMT, especially given the excellent safety records of first-generation injectable DMTs. 
